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(54) SINGLE TWIN SILICON BURIED ERASABLE AND PROGRAMMABLE ROM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an erasable and 
programmable ROM capable of saving a layout space and 
capable of matching the manufacturing process of a 
CMOS. 

SOLUTION: The programmable ROM comprises a first 
and second PMOSs connected in series and the first p- 
type metallic oxide film semiconductor is employed as a 
select transistor. The gate electrode of the select 
transistor is connected to a select gate voltage (VSG) 
and a first terminal (source) is connected to a source 
line voltage (VSL) while the second terminal (drain) is 
connected in series to the first terminal of a second p- 
type metallic oxide semiconductor (PMOS). The second 
terminal of the second p-type metallic oxide film 
semiconductor (PMOS) is connected to the bit line 
voltage (VBL) and the gate electrode of the second p- 
type metallic oxide film semiconductor (PMOS) is used 
as a floating gate. 
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SINGLE POLY EMBEDDED EPROM 

The present invention relates to a semiconductor 
device, and more specifically, to a single poly embedded 
5 one-time programming (OTP) memory. 

Background of the Invention 
The semiconductor industry has been advanced to the 
field of Ultra Large Scale Integrated (ULSI) technologies. 

10 The fabrication of the nonvolatile memories also follows 
the trend of the size reduction of a device. Thanks to 
their advantages, such as non-volatility, fast access time 
and low power dissipation, non- volatile memory can be 
applied as portable handy equipments, solid-state camera 

15 and PC cards. The nonvolatile memories include various 
types of devices, such as EAROM (electrically alterable 
read only memory) , and EE PROM (electrically erasable 
programmable read only memory) . Different types of devices 
have been developed for specific applications. These parts 

20 have been developed with a focus on the high endurance and 
high-speed requirements. EEPROM needs multi-layer of 
polysilicon and silicon dioxide, therefore, multi-masking 
are used during the fabrication, thereby increasing the 
time for manufacturing the devices. One of the present 

25 researches is focus on how to integrate the manufacture 
process to reduce the cost. One of the approaches is to 
integrate the memory process with the CMOS fabrication. Up 
to now, many approaches toward to the formation of the 
EPROM and EEPROM by using one single poly process. In the 

30 technique, the control gate is buried in silicon bulk by 
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ion implantation. EPROM or OTP, which is compatible with 
the single poly process, plays more important role in the 
semiconductor field. 

5 A prior art that relates to the field is disclosed in 

the US Patent No. 6,174,759 to Verhaar, entitled "Method 
of manufacturing a semiconductor device" . The assignee is 
U.S. Philips Corporation (New York, NY) and filed the 
prior art on May 3, 1999. The method disclosed a process 

10 that can integrate with the CMOS process. Lucent 
Technologies, Inc. disclosed a single poly EE PROM on 5, 31, 
2 000 in US Patent No. 6, 191, 980. The device includes 
control device, switch device and erase device, all of 
which ehare a common polys il icon floating gate which is 

15 designed to retain charge in the programmed memory cell . 
The memory cell can be safely erased without risking the 
junction breakdowns. Mosel Vitelic, Inc. (Hsinchu, TW) 
disclosed a single poly memory and filed on 6, 17, 1998, 
entitled "Single -poly flash memory cell for embedded 

20 application and related methods* . The prior art can be 
found in US Patent No. 6,044,018. The prior are includes a 
single -poly flash memory cell manufacturable by a standard 
CMOS fabrication process. A NMOS floating gate is 
electrically connected to a PMOS floating gate. 

25 

In the article IEEE transaction on electron device. 
Vol. 37, No. 3, March 1990 p. 675, in which disclosed 
single poly-Si EE PROM. The structure includes an embedded 
control gate that is formed by ion implantation. The cell 
30 includes separated transistor and coupled capacitor and 
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can be nianuf act ur able by standard CMOS process. The 
further technique that can be compatible with the CMOS can 
be found in IEEE JOURNAL OF SOLID STATE CIRCUITS, Vol. 2 9, 
No. 3, 1994, p. 311. The structure includes NMOS and PMOS, 
5 the inversion layer under the PMOS gate and p+ doped 
region act as the control gate. When positive voltage 
applies to the p+ doped region, the voltage level of the 
floating gate determines the capacitance ratio of the NMOS 
and PMOS. The art may be formed by standard CMOS process. 
10 The structure refers to SIPPOS (single poly pure CMOS) • 

FIGURE 1 shows the layout of prior single poly non- 
volatile memory, the structure includes n+ doped region 
under the floating gate and buried in the substrate. The 
15 structure occupies too much area. FIGURE 2 shows another 
type of layer according to the prior art. The structure is 
consisted of a capacitor and a PMOS. The technique has to 
provide space for forming the capacitor. 

20 Summary of the Invention 

The object of the present invention is to disclose 
nonvolatile memory or one-time programming (OTP) memory. 
One of the features includes that the device consists of 
two serial connected P-type metal -oxide -semiconductor 

25 t rans i s t or s . 

An erasable programmable read only memory comprising 
two serially connected P-type metal -oxide semiconductor 
(MOS) transistors. Wherein a first P-type metal-oxide 
30 semiconductor transistor acts as a select transistor, a 
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second P-type metal-oxide semiconductor transistor, 
wherein a gate of the second P-type metal -oxide 
semiconductor transistor serves as a floating gate, 
biasing a drain of the second P-type metal-oxide 
5 semiconductor transistor to a first negative bias, thereby 
providing a second negative bias on the floating gate to 
perform programming mode without applying a certain bias 
on a control gate. 



10 An erasable programmable read only memory without a 

control gate comprises a doped region formed by ion 
implantation in a substrate. A first conductive area is 
covered on the substrate and forms a first cross structure 
with a first overlap area to act as a select transistor 

15 gate and is connected to a select gate voltage (V so ) . A 
second conductive region located at side of the first 
conductive region and on the substrate and forms a second 
cross structure with a second overlap area to act as a 
floating gate. wherein a feature of the erasable 

20 programmable read only memory is that a control gate is 
omitted, thereby reducing device size and the process is 
compatible with CMOS process. 



Brief Description of the Drawings 
25 The foregoing aspects and many of the attendant 

advantages of this invention will become more readily 
appreciated as the same becomes better understood by 
reference to the following detailed descriptions, when 
taken in conjunction with the accompanying drawings, 
30 wherein: 



(15) ^2003-168747 

FIGURE 1 shows a layout according to the prior art. 
FIGURE 2 shows another layout according to the prior 

art . 

FIGURE 3 shows the circuit according to the present 
5 invention. 

FIGURE 4 illustrates a layout according to the 
present invention. 

FIGURE 5 is a cross sectional view of a substrate 
illustrating the programming mode of writing the status 
10 "1" according to the present invention. 

FIGURE 6 is a cross sectional view of a substrate 
illustrating the programming mode of writing the status 
•0* according to the present invention. 

FIGURES 7,8 are cross sectional views of a substrate 
15 illustrating the reading mode according to the present 
invention. 

FIGURE 9 shows the drain current -voltage drawing 
according to the present invention. 

FIGURE 10 shows the gate current -voltage drawing 
20 according to the present invention. 

FIGURE 11 illustrates the memory cell array according 
to the present invention. 

Detailed Description of the Preferred Embodiment 
25 The present invention proposes a novel method to 

fabricate the device and the structure of the same. The 
aspect of the present invention includes two serially 
connected PMOS transistors. The characteristic of the 
devices is that bias is not necessary to apply on the 
30 floating gate during the programming mode. Thus, the 



(16) &H2 0 0 3- 1 6 8 7 4 7 

control gate is omitted for the structure or layout, 
thereby saving the space for making the control gate. The 
present invention may "automatically inject" carrier onto 
floating gate for programming the status of the device. 
5 The term ."automatically inject* refers to that the device 
does not need to apply bias on the control gate for 
programming . . The present invention uses PMOS transistors, 
therefore the device can be formed by using standard CMOS 
process . 

10 

The detail description of the method will be seen as 
follows. Turning to FIGURE 3, it shows the circuit 
according to the present invention. The device includes 
two serially connected PMOS transistors, the first PMOS 

15 transistor is used as select transistor and the gate of 
the transistor is connected to the select gate voltage 
(V TC ) . The . first terminal (source) of the first PMOS 
transistor is biased to source line voltage, and the 
second terminal (drain) is connected to the first terminal 

20 of the second PMOS transistor and the second terminal of 
the second PMOS transistor is connected to the bit line 
voltage (V B l) • The gate of the second PMOS transistor acts 
as the floating gate. It has to be noted that the cell 
according to the present invention omits the control gate 

25 compared to the prior art. The channel hot carrier will 
inject onto the floating gate by applying suitable bias. 

FIGURE 4 shows the EPROM layout of the present 
invention, the device includes a doped region 2 (lateral 
30 configuration area in the drawing) . Typically, the doped 
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region can be formed by ion implantation, the doped region 
2 can be shaped with stripe structure. A first conductive 
area 4 and a second conductive area 6 are covered on the 
substrate and form cross configuration structure with 
5 overlap area to act as selecting transistor gate and 
floating gate. The gate of the selecting transistor 
comprises a stripe structure and is connected to selecting 
gate voltage (Vsg) . One of the aspects of the present 
invention is that the control gate is omitted, therefore, 
10 the present invention may reduce the device size, meet the 
requirement of the IC trend and integrate with CMOS 
process. The bit line and contact window of the selecting 
line can be formed and aligned to the doped region 2 by 
using lithography and etching process. 

15 

The second conductive area 6 locates at the side of 
the first conductive area 4 and on the substrate forms 
cross configuration structure with overlap area to act as 
floating gate. The programming operation is achieved by 

20 using channel hot electron injection (CHE) and the 
floating gate is charged by hot electrons in the 
programming state, the voltage level of the floating gate 
is less than ground level. The device cell keeps "turn on". 
During the erase mode, the digital states may be altered 

25 by exposing using ultra violate (UV) ray to alter the 
state. In the erase state, there is no charge in the 
floating gate. 

FIGURES 9 illustrates the drain current -volt age 
30 characteristic and FIGURE 10 shows the gate current- 
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voltage characteristic. In FIGURE 10, the drain bias is 
negative five or six volts. At the current peak value of 
the gate current, the PMOS gate bias is about negative one 
volt. Under such circumstance, the carrier will inject 
5 onto the floating gate automatically without applying bias 
on the floating gate. Thus, the control gate is omitted - 
The term "automatically inject" refers to that the device 
does not need to apply bias on the control gate for 
programming. With going down of the floating gate bias, 
10 the programming mode is then w turned of f u . The higher 
Ic/Id efficient can be obtained with lower power 
consumption. 

The conditions for writing "digital one" and "digital 
15 zero" may refer to Table one and FIGURES five and six. 
During the mode for writing "digital one" , the selected 
word line is grounded and the unselected word line is 
ranging from 3-8 volts, preferably about five volts. The 
selected bit line is ground and the bias of the unselected 
20 bit line is ranging from 3-8 volts volts. 3-8 volts, 
preferably five volts, bias applies on the source node and 
N well is connected to 3-8 volts. The PMOS transistor of 
the selected transistor turns on and the hot channel 
electron injects onto the floating gate of the second 
25 transistor. 

During the mode for writing "digital zero", the 
selected word line is ground and 3-8 volts is biased to 
the unselected word line. The selected bit line is ranging 
30 from 3-8 volts, preferably 5 volts and the unselected bit 
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line is ranging from 3-8 volts. The source node N well are 
respectively connected to 3-8 volts. The device is under 
the status of "off and therefore the hot carrier is 
unable to inject into the floating gate, 

5 

In the read operation, the selected word line is 
ground. The unselected word line is bias to 2.5-5 volts 
and selected bit line is ranging from 0-2.5 volts. The 
unselected bit line is biased to 3.3 volts. The source 

10 node is also biased to 2.5-5 volts. N well is respectively 
connected to 2.5-5 volts. If the cell is programmed, the 
floating gate is charged with carrier, then Vp^-Vs < V-m 
(threshold voltage of PMOS) , the device maintains at the 
status of n 0N" . The floating gate of those unprogrammed 

15 cells have no charge therein, then Vpc-Vs = 0 > V m 
(threshold voltage of PMOS) , the device at the status of 
"OFF" . 

As aforementioned, the device does not need the 
20 control gate for programming. The floating gate may self- 
charge to define the digital status. The feature of the 
present invention includes: the device can be 
manuf acturable by standard CMOS process. The space for 
forming the control gate can be omitted, thereby reducing 
25 the layout area. 

FIGURE 11 illustrates the cell array. In cell I, in 
the mode for writing ^digital one", the drain is biased to 
five or six volts and the gate of select transistor is 
30 connected to ground. Other cells (cell II, cell III and 
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cell IV) that are not under programming on the same bit 
line do not suffer the drain disturbance that typically 
occurs at stacked gate memory, it is because that the 
transistor is at off -state and the electric field between 
5 the drain and floating gate is not strong enough to 
inject /generate hot carrier. Further, the potential 
coupling of the floating gate is not induced by the word 
line, thereby eliminating the gate disturbance phenomenon. 

10 As will be understood by persons skilled in the art, 

the foregoing preferred embodiment of the present 
invention is illustrative of the present invention rather 
than limiting the present invention. Having described the 
invention in connection with a preferred embodiment, 

15 modification will now suggest itself to those skilled in 
the art. Thus, the invention is not to be limited to this 
embodiment, but rather the invention is intended to cover 
various modifications and similar arrangements included 
within the spirit and scope of the appended claims, the 

20 scope of which should be accorded the broadest 
interpretation so as to encompass all such modifications 
and similar structures. 
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While the preferred embodiment of the invention has 
been illustrated and described, it will be appreciated 
that various changes can be made therein without departing 
from the spirit and scope of the invention. 
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What is claimed is : 

1. An erasable programmable read only memory 
comprising : 

two serially connected P-type metal -oxide 
semiconductor (MOS) transistors, wherein a first P-type 
metal -oxide semiconductor transistor acts as select 
transistor, a gate of said first P-type metal -oxide 
semiconductor transistor is coupled to select gate voltage, 
a first node of said first P-type metal-oxide 
semiconductor transistor connected to source line voltage, 
a second node of said first P-type metal -oxide 
semiconductor transistor connected to a first node of a 
second P-type metal -oxide semiconductor transistor, 
wherein a second node of said second P-type metal -oxide 
semiconductor transistor is connected to bit line voltage, 
wherein a gate of said second P-type metal -oxide 
semiconductor transistor serves as a floating gate, 
wherein said erasable programmable read only memory does 
not need to bias a certain voltage on a control gate for 
programming and thereby injecting hot carriers onto said 
floating gate. 

2. The erasable programmable read only memory of Claim 
1, during a mode for writing "digital one", a selected 
word line is grounded and a unselected word line is biased 
to about a first voltage, wherein a selected bit line is 
grounded, a unselected bit line is about said first 
voltage, a source node and a N well are connected to said 
first voltage, thereby turning on said selected transistor 
and injecting hot channel carriers onto said floating gate 
of said second P-type metal -oxide semiconductor transistor. 
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3. The erasable progratranable read only memory of Claim 
2, wherein said first voltage is ranging from 3-8 volts. 

4. The erasable programmable read only memory of Claim 
1, during a mode for writing ^digital zero", a selected 
word line is grounded and an unselect word line is applied 
to a second voltages, a selected bit line is about said 
first second voltage and an unselect bit line is also 
about said second voltage, a source node and a N well are 
respectively connected to said second voltage, thereby 
turning off said select transistor and hot carrier is 
unable to inject onto said floating gate. 

5. The erasable programmable read only memory of Claim 
4, wherein said second voltage is ranging from 3-8 volts. 

6. The erasable programmable read only memory of Claim 
1, during read mode, a selected word line is grounded and 
unselected word line is biased to a third voltages, a 
selected bit line is about a forth voltage, a unselect bit 
line is biased to said third voltage, a source node is 
also biased to said third voltage and a N well is 
connected to said third voltage, thereby turning on said 
select transistor for reading the status stored in said 
floating gate. 

7. The erasable programmable read only memory of Claim 
6, wherein said third voltage is ranging from 2.5-5 volts. 

8. The erasable programmable read only memory of Claim 
6, wherein said fourth voltage is ranging from 0-2.5 volts. 
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9. An erasable programmable read only memory that 
omits a control gate comprising: 

a doped region formed by ion implantation in a 
substrate; 

a first conductive area covered on said substrate and 
forms a first cross structure with a first overlap area to 
acts as a select transistor gate and connected to a select 
gate voltage (Vss) ; 

a second conductive region located at a side of said 
first conductive region and on said substrate and forms a 
second cross structure with a second overlap area to acts 
as a floating gate; 

wherein a feature of said erasable programmable read 
only memory is that a control gate is omitted, thereby 
reducing device size and integratable with CMOS process. 

10. The erasable programmable read only memory of 
Claim 9, during a mode for writing "digital one", a 
selected word line is grounded and a unselected word line 
is bias to about a first voltage, wherein a selected bit 
line is grounded, a unselected bit line is about said 
first voltage, a source node and a N well are connected to 
said first voltage, thereby turning on said selected 
transistor and injecting hot channel carrier onto said 
floating gate of said second P-type metal -oxide 
semiconductor transistor. 

11. The erasable programmable read only memory of 
Claim 9, during a mode for writing "digital zero", a 
selected word line is grounded and a unselect word line is 
applied to a second voltages, a selected bit line is about 
said first second voltage and a unselect bit line is also 
about said second voltage, a source node and a N well are 
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respectively connected to said second voltage, thereby 
turning off said select transistor and hot carrier is 
unable to inject onto said floating gate. 

12. The erasable programmable read only memory of 
Claim 9, during read mode, a selected word line is 
grounded and unselected word line is biased to a third 
voltages, a selected bit line is about a forth voltage, a 
unselect bit line is biased to said third voltage, a 
source node is also bias to said third voltage and a N 
well is connected to said third voltage, thereby turning 
on said select transistor for reading the status stored in 
said floating gate. 

13. The erasable programmable read only memory of 
Claim 9, wherein a cell array, an unselect transistor does 
not suffer a drain disturbance because said unselect 
transistor is at off-state and the electric field between 
said bit line and said floating gate is not strong enough 
to inject /generate hot carriers, a coupling of said 
floating gate is not induced by the word line, thereby 
eliminating the gate disturbance phenomenon. 

14. An erasable programmable read only memory 
comprising : 

two serially connected P-type metal-oxide 
semiconductor (MOS) transistors, wherein a first P-type 
metal -oxide semiconductor transistor acts as select 
transistor, a second P-type metal -oxide semiconductor 
transistor connected to said first P-type metal -oxide 
semiconductor transistor, wherein a gate of said second P- 
type metal -oxide semiconductor transistor serves as a 
floating gate, in a programming mode, a drain of said 
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second P-type metal-oxide semiconductor transistor is 
biased to a first negative voltage and providing a second 
negative voltage on said floating gate to perform 
programming without apply a certain bias on a control gate. 

15. The erasable programmable read only memory of 
Claim 14, wherein a gate of said select transistor 
connected to a select gate voltage. 

16. The erasable programmable read only memory of 
Claim 14 , wherein a first node of said select transistor 
connected to a source line voltage. 

17. The erasable programmable read only memory of 
Claim 14, wherein a second node of said select gate is 
connected to a first node of said second P-type metal- 
oxide semiconductor transistor and a second node of said 
second P-type metal-oxide semiconductor transistor is 
connected to a bit line voltage. 
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Abstract of the Disclosure 
The present invention proposes a novel structure of 
nonvolatile memory. The aspect of the present invention 
includes two serially connected PMOS transistor. The 
characteristic of the devices is that bias is not 
necessary to apply to the floating gate during the 
programming mode. Thus, the control gate is omitted for 
the structure or layout, thereby saving the space for 
making the control gate. The present invention may 
"automatically inject" carrier into floating gate for 
programming the status of the device. 



